Summary. The sperm:egg ratio and sperm concentration were varied separately by using different volumes (1\p=n-\100\ g=m\ l )and egg numbers (1\p=n-\15).The % fertilization was determined by sperm concentration in large volumes (10\p=n-\100\g=m\l ). In small volumes (1 or 5 \g=m\l )the number of spermatozoa/egg determined penetration rate; the effective epididymal sperm number/fertilization was 250\p=n-\350. Spermatozoa obtained from the oviducts (i.e. naturally selected) gave good fertilization responses and low concentrations of epididymal spermatozoa were also more effective when oviducal fluid and cumulus cells were included in the inseminating volume. We conclude that sperm/egg collision rate is the most important factor determining % fertilization, although heterogeneity of epididymal spermatozoa limits fertilization rate at low sperm:egg ratios.
Introduction
All morphologically normal, motile spermatozoa in an ejaculate are usually considered to be physiologically capable of fertilization; in clinical practice semen samples are usually graded for number, morphology and motility. Cohen (1973, 1975) suggested that spermatozoa may be of two kinds, only one of which is normally permitted to reach the fertilization site at the time of fertilization, by selection in the female tract. He has been misquoted (Wallace, 1974; Gwatkin, 1977) as asserting that only a small proportion of spermatozoa can fertilize; the problem of whether each spermatozoon can fertilize if it gets to an egg remains to be solved.
Successful in-vitro fertilization in the mouse has been reported by many investigators using epididymal spermatozoa in various concentrations; 10-20 lOVml (Miyamoto & Chang, 1972) , [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] 107ml (Kaufman, 1973) and 20-60 107ml (Pavlok & McLaren, 1972) . In all these cases the number of spermatozoa used in the fertilizing drops was high, and any selection of (possibly heterogeneous) spermatozoa was arbitrary. In vivo, spermatozoa usually outnumber eggs, but not to a comparable extent (Braden & Austin, 1954; Yanagimachi & Mahi, 1976) . In contrast, Bavister (1979) argued from his hamster in-vitro results (with sperm:egg ratios close to unity and using a "sperm motility factor" from the adrenal gland) that the majority of the spermatozoa contained in the hamster cauda epididymidis are potentially capable of fertilizing eggs. Fraser & Drury (1975) examined the importance of different sperm concentrations (0-3-90 107ml) and achieved acceptable rates of fertilization (~50%) with a concentration of 0-3 107ml, giving a mean sperm:egg ratio of 417:1 (spermatozoa/ fertilization~800:1). (Whittingham, 1971) (23-25°C) . Enzymic treatment with 0-1% hyaluronidase (Sigma, Type IS) in the medium removed cumulus and corona cells (15-20 min), and the eggs were then washed twice in fresh medium, before insertion into insemination drops (1, 5 or 15 eggs with about 0-001-0-005 µ medium). Eggs with cumulus cells, and oviducal fluid (< 1 µ ) were directly released into the sperm suspension (100 µ ) by tearing the wall of the ampulla.
Fertilization. The dishes containing insemination drops under oil were incubated at 37°C in an anaerobic jar with 5% C02 in air atmosphere. To get an optimum assessment of penetration, 5 h were allowed. The eggs were then removed, washed in fresh medium and fixed overnight in 10% neutral formalin with 0-25% glutaraldehyde (to fix zonae). They were then stained with 0-5% lacmoid in acetic acid and examined by phase-contrast microscopy for pronuclei and fertilizing sperm tails.
Results
The results are given in Table 1 . Experiment A. Two concentrations of spermatozoa (~6 107ml and 1-2 107ml) in volumes of 5, 20 or 100 µ were used and the spermatozoa were capacitated in the two concentrations, i.e. after dilution. There were 1, 5 or 15 eggs/drop for insemination.
More than 75% of the eggs were fertilized in each of 5 repeat experiments, when insemination volumes of 100 and 20 µ were used with a sperm concentration of~6 107ml. 
Discussion
As in the results of other workers, (Fraser & Drury, 1975; Wolf & Inoue, 1976; Wolf, 1978) sperm concentration was the major determinant of fertilization rate. In larger volumes, we needed about 1000 spermatozoa/fertilization. Our 5 µ drops in Exp. A, however, did less well ( 1200/fertilization). This was probably because of loss of ingredients from the medium to the paraffin oil. In Exp. the drops were in equilibrated paraffin and gave much better results (400 spermatozoa/fertilization). It is also clear that 80-90% fertilization is the usual maximum possible, even with excess spermatozoa and 10-20% of the eggs are probably not fertilizable. This means that sperm effectiveness cannot be estimated when more than about 75% eggs are fertilized-all that can be said is that sperm numbers were at least adequate.
The effect of 5-fold dilution of sperm suspension was quite evident. The same number of spermatozoa (12 103) when used in 100 ul rather than 20 µ volumes (with 15 eggs) gave 20% as compared with 80% fertilization. Probably there were only one-fifth of the collisions between spermatozoa and eggs in the larger volumes. The fertilizing efficiency, however, was low compared with that reported by Fraser & Drury (1975) who obtained about 50% fertilization using 0-5 ml inseminating volume with about 15 103 spermatozoa (0-3 x 107ml), but with an average egg number of 36. The results obtained by Fraser & Drury (1975) might be due to the high amount of albumin (32 mg/ml) in the medium, and particularly to the direct release of eggs from oviducts along with cumulus cells and oviducal fluid in the sperm suspension.
Suggestive evidence for a positive effect of cumulus cells in fertilization in the mouse also comes from the work of Cross & Brinster (1970) . Pavlok & McLaren (1972) (Niwa & Chang, 1974; Tsunoda & Chang, 1975; Fraser & Drury, 1975) (1973, 1975) , is difficult to assess and the successive arrivals of spermatozoa in the mouse ampulla are presently being tested for fecundity.
